The assessment of cerebral blood flow (CBF) using noninvasive 133Xe techniques provides an indirect measurement of cortical metabolic activity. The utility of this method in longitudinal clinical studies depends on the stability and reproducibility of resting and activated flow measures. We evaluated CBF in a sample of 16 elderly normal subjects (aged 54-73 years) at rest and during task performance in two sessions separated by an average of 9 weeks. Resting global CBF was lower in the second ses sion, a finding consistent with the known effects of ha-
The noninvasive \33Xe method of measuring re gional cerebral blood flow (rCBF) has been used to study the hemodynamic effects of cognitive stimu lation on the topography of brain activity. Several cognitive tasks have been used to examine a range of behavioral dimensions such as verbal and spatial processing (e.g., Risberg et ai., 1975; Gur and Rei vich, 1980; Gur et ai., 1982 Gur et ai., , 1985 Gur et ai., , 1987a Gur et ai., , 1987c Hannay et ai., 1987; Deutsch et ai., 1987) , abstrac tion (Weinberger et ai., 1986) , learning and memory (Wood et ai., 1980; Maximillian et ai., 1978) , and language (Demeurisse et ai., 1985) . These studies have reported regional increases in CBF during tasks compared with resting baseline. The patterns of activation are independent of CBF level, because similar patterns are elicited during normo-and hy percapnic conditions (Maximillian et ai., 1980) .
Reproducibility of resting baseline rCBF has
bituation previously reported. Regionally specific acti vated CBF did not change with repeated measurements. The results provide evidence that the 133Xe technique is reliable and of potential utility in evaluating the effect of the natural course of brain disease, as well as the effects of therapeutic interventions on brain activity. Key Words: Cerebral blood flow-Cognitive stimulation-Neuro imaging-Hemispheric specialization-Reliability Normal aging.
been examined in several studies. Blauenstein et ai., (1977) , McHenry et ai. (1978) , and Warach et ai. (1988) have reported good reproducibility between sessions, but with some attenuation of global CBF levels with repeated measurements. Warach et ai.
(1988) showed a systematic decrease in global CBF levels between two consecutive measurements, in a group of young adults, during identical resting con ditions. We interpreted this decrease as consistent with the subjects' habituation to the experimental setting because the decrease was greater when the repeated resting measurements occurred in the ini tial series of measurements than when they oc curred later. Risberg et ai. (1977) assessed the con tribution of habituation to a psychological activa tion task and reported decreased frontal CBF with repeated activation. However, the reliability of ac tivation effects for cognitive tasks on rCBF con ducted at distinctly different sessions has not been examined. This is important for determining the de sired effect size for various experimental manipula tions and isolating the effects of intervention from those attributable to habituation associated with re peated testing. Examining regional changes as a function of repeated measurements may contribute to understanding the network of cortical brain re-gions involved in modulating the reciprocal atten tion-habituation process.
The present study examines the effect of repeated (several weeks apart) administration of standard psychoiogical activation tasks on patterns of rCBF activation. Reliability of several indices including global flow levels, measures of hyperfrontality, ac tivation pattern, and performance, are evaluated.
SUBJECTS AND METHODS

Subjects
Sixteen elderly subjects (range 54-73 years old; mean ± SD = 62.9 ± 6.8) volunteered to participate in the research protocol. Five were men (55-73; 63.8 ± 7.1) and eleven were women (54-72; 61.3 ± 6.3). The age differ ence between genders was not significant, t( 67) < 1, and the two groups did not differ in years of formal education (males 15.12 ± 2.04, females 14.54 ± 2.05, range 12-18 for both genders), t = 1.17, ns. All subjects had thorough medical, neurological, and comprehensive neuropsycho logical examinations. Subjects were excluded if history revealed any disorder or events which could affect brain function, such as infection, seizure, head trauma with loss of consciousness, stroke or transient ischemic at tack, cognitive decline, alcohol or other substance abuse, or history of a psychiatric disorder in first degree rela tives. Of the original pool of 21 volunteers, five were excluded by screening to arrive at the final sample of 16. This sample represents a group of elderly controls who participated in a larger study designed to investigate the effects of pharmacologic intervention in neurologic dis ease.
Each subject was studied twice at intervals that ranged between 4 and 23 weeks (9 ± 3.7). At each session three 133Xe studies were conducted: at rest (baseline), and dur ing verbal (analogies) and spatial (line orientation) tasks as described by Gur et al. (1982 Gur et al. ( , 1985 Gur et al. ( , 1987a . End-tidal carbon dioxide level was continuously recorded during CBF measurement. The results were analyzed for both uncorrected CBF values and for CBF values corrected within session to each subject's mean PEC02; and be tween-session PEC02 was corrected to 35 mm Hg, which is the grand mean (across sessions). The carbon dioxide levels are provided in Table 1 . The CBF results were not altered substantially with or without carbon dioxide level correction.
rCBF measurement
The noninvasive 133Xe clearance method for measuring rCBF has been described in detail Wilkinson, 1985, 1990; Gur et aI., 1987a) . Briefly, trace amounts of 133Xe, a highly diffusible inert 'i-emitting gas, are inhaled by alveolar capillary diffusion into the systemic circula tion. It reaches the brain in the arterial blood and diffuses into the parenchyma from the capillaries in accordance with its concentration gradient and partition coefficients. Clearance of the tracer is monitored for 15 min with col limated scintillation detectors (NaI crystals), and blood flow indices are calculated by biexponential least squares method (Obrist and Wilkinson, 1985) . Two indices based on the rate of 133Xe clearance were used for analysis: a height-over-area to 15 min (CBF 1 5), and the initial slope (IS) (Obrist and Wilkinson, 1985) which is the initial slope at time zero at the equivalent unit-impulse curve. IS is sensitive to CBF in gray matter because it is determined by flow in the tissue compartment with fast clearance and is comparable to the traditional Fg. It has the advantage of greater stability (Obrist and Wilkinson, 1985) and has been employed in many neurobehavioral activation stud ies (Gur et aI., 1985 (Gur et aI., , 1987a .
A Novo Cerebrograph (Model 32B, helmet upgrade) system was used for the rCBF measurement. The loca tion of the 32 detectors, placed over 16 homotopic loca tions of the two hemisphres and defined as seven regions, is illustrated in Fig. 1 .
Statistical analyses
Analyses were conducted using SAS and BMDP statistical packages. Multivariate analysis of variance (MANOV A) was performed using SAS (PROCedure GLM), and Greenhouse-Geisser cor rections for heterogeneity of variance were calcu lated to minimize any positive bias to the F test.
The SIMPLE EFFECTS procedure of BMDP was utilized for decomposing significant interactions.
Pearson correlations were performed to examine test-retest reliability of several CBF indices.
RESULTS
An initial analysis was conducted for the resting conditions. This was done with MANOVA using the following repeated measures factors: Session (first, second), Hemisphere (left, right) and Region (prefrontal, frontal, precentral, postcentral, tempo ral, parietal, occipital) . There was a main effect for Session, F(1,15) = 5.52, p = 0.0329, with lower values for the second resting study (Session 2), and for Region, F(6,90) = 28.61, p = 0.0001, reflecting CBF topography. However, there were no interac tions of Session with any within-group factor. Thus, a global reduction in CBF was evident in Session 2, but this decrease was not regionally specific.
A MANOV A incorporating the activated condi Table   2 ). Examination of the scatterplots (Fig. 4) (1 and 2) for rest, verbal, and spa tial conditions by lobe (top) (PF, prefrontal; FR, frontal; PR, precen tral; PO, postcentral; TE, temporal; PA, parietal; OC, occipital) . Lateral asymmetries for each task condi showed a significant Task effect, F(1,15) = 23.89, p < 0.0002, with higher percent correct for the spatial task, but no Session effect (F < 1) or interactions.
FIG. 3. Global CBF level by session
Performance measures demonstrated test-retest correlations of r(14) = 0.76, p = 0.001 and 0.55, p = 0.01, both one-tailed, for the verbal and spatial tasks, respectively. Verbal CBF correlated signifi cantly with verbal performance, r = 0.50, p = 0.025, whereas the corresponding correlation be tween spatial CBF and spatial performance was only marginal (r = 0.38, p = 0.07, both one-tailed). Risberg et ai. (1977) .
The reduction in overall CBF was not evident during task activation, and task effects were equally prominent in both Sessions. This finding encour ages the use of "neurobehavioral probes" (Gur et aI. , 1992) in research on regional brain function, because changes in CBF during activation are more readily attributable to effects of intervention rather than habituation. The findings also replicate earlier studies, demonstrating task-specific lateralized ef fects (Gur et aI. , 1982 (Gur et aI. , , 1987a Hannay et aI. , 1987; Risberg et aI. , 1975; Deutsch et aI. , 1987) , and show that they are reproducible over the two sessions. no earlier test-retest studies in which reliability of task activation has been evaluated with respect to laterality, and this seems to merit further study.
The regional effects for both sessions were simi lar to laterality and differed for the verbal and spa tial tasks. Although CBF was higher in the left for the verbal task in frontal, temporal, and parietal regions, the opposite effect for the spatial task was evident for the prefrontal and frontal regions. The regional effects for the verbal task are consistent with evidence for left temporoparietal involvement in verbal analytic tasks (Goodglass and Kaplan, 1983) , and replicate effects obtained with other neu roimaging methods (Gur et aI., 1983; Metter, 1991 ).
The regional effects for the spatial task, however, seem to differ from Hannay et aI., (1987) , who used the same stimuli and reported posterior lateralized effects. There are several differences between the studies, including age of subjects, differences in the adaptations of the task to neuroimaging, their use of a unilateral response (right hand), their use of a sen sorimotor condition as a control task and the eyes closed resting condition. Current neuropsychologi cal theory would be more consistent with the find ings of Hannay et aI., (1987) as deficits in line orientation performance have been found with right posterior lesions (Benton et aI., 1975) .
In conclusion, the isolated measurement of glob-J Cereb Blood Flow Metab, Vol. 13, No.3, 1993 al CBF during the resting state provides only lim ited information about the brain's metabolic poten tial, which can only be appreciated by examining the brain at the time of stimulation. The evaluation of regional levels of CBF at rest and during cogni tive activation may be a useful method to investi gate the longitudinal effects of age, disease, and specific therapeutic interventions on brain function.
The current study demonstrates the ability of stan dard task activation procedures consistently and re producibly to alter rCBF patterns over an interme diate range of times (4-23 weeks). These data sug gest that the 133Xe techniques may be useful for studying the effect of the natural course of disease progression as well as the effects of therapeutic in terventions on the brain. Further work remains to investigate the alterations in rCBF during various active pharmacologic manipulations of the CNS.
